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Abstract
We consider the parity doublet structure observed in high hadronic excitations within
the instanton model for the QCD vacuum. In the conventional approach this doubling
phenomenon is treated as a manifestation of the partial restoration of chiral or U(1)A
symmetry. We demonstrate that the suppression of direct instanton contribution to the
masses of excited hadrons leads to the partial U(1)A symmetry restoration in hadron
spectrum. The origin of X(1835) resonance observed by BES Collaboration is studied
upon the doublet structure. We argue also how X(1835) be interpreted as the lowest
pseudoscalar glueball state, and derive its coupling constant to proton. It turns out that
this coupling is large and negative. Demonstrated is how this large coupling affects the
gluonic contribution to the proton spin.
1kochelev@theor.jinr.ru
2dpmin@phya.snu.ac.kr
1 Introduction
Recently, several attempts have been made to explain the observed parity doublet struc-
ture in excited hadron spectrum [1, 2]. In fact, Glozman [1] suggested, without giving the
underlying mechanism a la QCD, that the appearance of this structure is the consequence
of the restoration of the chiral or U(1)A symmetry in highly excited states.
The existence of instanton, a strong non-perturbative fluctuation of gluon field, in QCD
vacuum is considered as a primary factor for the chiral and U(1)A symmetries violation
in strong interaction (see reviews [3, 4]). Therefore it is natural to assume that the parity
doublet structure in high hadronic excitations stems from suppression of the interaction
between quarks and gluons induced by instanton. A well-known example of such inter-
action is the famous t’Hooft quark-quark interaction arising from the quark zero-modes
in instanton field [5]. The most convenient way to investigate the properties of hadrons
is the consideration of the correlator of the currents with definite quantum numbers, for
instance QCD sum rule method [6]. Within this approach the U(1)A-violated t’Hooft
interaction is related to the so-called direct instanton contribution to the correlator [3].
In this Letter we show that for high hadronic excitations the direct instanton contri-
bution to the difference of the correlators of currents with the same quantum numbers
except parity is suppressed and therefore the U(1)A should be partially restored. As a
result of the restoration, the parity doublet structure in hadron spectrum is expected.
We can obtain the relationship of residues and masses of parity partners with the single
instanton contribution to correlators. As an important application we try to interpret
the X(1835) resonance recently observed by BES Collaboration [7, 8] as a glueball. The
arguments to consider the parity doublet [f0(1710), X(1835)] as the lowest glueball states
are given. We present the estimations of X(1835) coupling to gluons and its contribution
to the generalized Goldberger-Treiman relation for the flavor singlet axial coupling of
proton. We then show how the so-called proton spin problem may be resolved.
2 Parity doubling in hadron spectrum and instantons
A very important feature of the direct instanton contribution to the correlator of two
hadronic currents with the opposite parities but with the same other quantum numbers,
is the flipping of the sign of contribution with changing of parity
i
∫
d4xeiqx < 0|TJ±(x)J±(0)|0 >= ±ΠI(Q2), (1)
where Q2 = −q2. This property is known for a long time (see for example Tables in paper
[9]) and directly related to the U(1)A symmetry violation induced by instantons and to
the (anti-) self-duality of (anti-)instanton field in Euclidean space-time, GI,I¯µν = ±G˜I,I¯µν .
Therefore, the difference in two correlators, determining the splitting of mass among a
parity doublet,
∆Π(Q2) = i
∫
d4xeiqx(< 0|TJ+(x)J+(0)|0 > − < 0|TJ−(x)J−(0)|0 >), (2)
can be related to the single-instanton contribution calculated with some effective instanton
density. On the other hand, the phenomenological representation of Eq. (2) can be
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determined by the difference of contributions of parity partners
∆Π(Q2) =
∑
n
{ λn+
2
Mn+
2 +Q2
− λn−
2
Mn−
2 +Q2
}, (3)
where λi is the residue, and Mi is the mass of corresponding resonances.
The instanton field has the strong localization in space-time
Aµ
a(x) =
2η¯aµν(x− x0)νρ2
gs(x− x0)2((x− x0)2 + ρ2) , (4)
where x0 is the center of instanton , ρ is the instanton size, η¯aµν is the ’t Hooft sym-
bol. Eq. (4) corresponds to the singular gauge. The localization property leads to the
direct instanton contribution into hadron correlator which is proportional to the product
of McDonald functions Kn(z), with z = ρQ [10]. The McDonald function has exponential
damping factor ∼ exp(−ρQ) at large z . The contribution from the given parity dou-
blet becomes important in the sum in Eq.(3) at |Q| ∼ Mi. Therefore, in high hadronic
excitation, due to the exponential decay of direct instanton contribution to ∆Π(Q2), we
expect the decrease of splitting in a parity doublet. It is evident now that the observed
degeneration between excited hadron states of opposite parities can be understood as an
effect of the partial restoration of the U(1)A symmetry arising from the suppression of
single-instanton contribution. It should be emphasized that the chiral symmetry restora-
tion does not result from the same suppression mechanism because the chiral symmetry
violation is intimately related to the delocalization of quarks among many instantons [4].
3 X(1835) as a lowest mass pseudoscalar glueball
The identification of the glueball states in the hadron spectrum is one of the most exciting
topics of hadron spectroscopy [11, 12, 13, 14]. In the scalar sector of JPC = 0++ there
are three candidates for the most low-lying mass glueball states as f0(1370), f0(1500)
and f0(1710). Their masses are in fair agreement with the prediction of lattice QCD ,
m = 1.4 ∼ 1.8 GeV, [15] and also with QCD sum rules approaches [16, 17]. However,
for the pseudoscalar sector of (JPC = 0−+), the situation is not so clear. Only η(1440) is
being discussed as a possible candidate for the pseudoscalar glueball [18, 19]. But, this
identification is doubted by large disagreement between its experimental observation and
theoretical predictions of both lattice QCD [15] and QCD sum rules calculation [16, 17],
of which values range between m = 1.86 and 2.7 GeV. Furthermore, the peculiarities
of η(1440) production in different reactions support these doubts on its glueball origin
[20, 21].
Recently, BES Collaboration observed X(1835) state in the reactions J/Ψ→ γpp¯ and
J/Ψ→ γη′π+π− [7, 8]. The most remarkable property of this state is its strong coupling
with proton-antiproton channel, leading to speculations about its baryonium origin (see
[22] and references therein).
Now let us apply the instanton mechanism for parity doubling in hadron spectrum
discussed above to the problem of low mass glueballs. 1 The direct instanton contribution
1The phenomena of the parity degeneracy in glueball spectrum is also appeared within model of
glueballs as the twisted closed gluonic flux tubes [19].
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to the difference of two correlators of glueball currents with opposite parities is given by
[24, 17]
∆Π(Q2)G = i
∫
d4xeiqx(< 0|TOS(x)OS(0)|0 > − < 0|T |OP (x)OP (0)|0 >)
= 26π2
∫ ρcut
0
dρn(ρ)(ρQ)4K2
2(ρQ), (5)
where the glueball currents for scalar and pseudoscalar states are the following
OS(x) = αsG
a
µν(x)G
a
µν(x), (6)
OP (x) = αsG
a
µν(x)G˜
a
µν(x), (7)
and G˜aµν(x) = 1/2ǫµναβG
a
αβ(x). In Eq. (5), ρcut is the cutoff of instanton size, ρcut ≈ 1/µr,
where µr is the normalization scale (see discussion in [17]).
Within the instanton liquid model of QCD vacuum the instanton density n(ρ) in Eq. 5
can be approximated rather well by the Gaussian-tail distribution ( see [3] and discussion
around Eq. (85) in [17])
n(ρ) =
218neffρ
4
36π3ρ5c
exp(− 2
6ρ2
32πρ2c
), (8)
with neff ≈ 0.5fm−4 and ρc ≈ 0.33fm. The shape of Eq.(8) has correct behavior as
being ∝ ρb0−5 at small ρ for number of flavors Nf = 3 ( b0 = 11Nc/3 − 2Nf/3) given by
instanton perturbative theory, and at large ρ as being ∝ exp(−a2ρ2) which is supported
by the lattice calculations (see discussion in [25]).
We may match the glueball contribution of Eq.(5) with the phenomenological Eq.(3)
by noting the most important contribution comes from the low-lying mass states. Then,
all states can be identified with quantum numbers I = 0, JPC = 0±,+. For the negative
parity states we have evidently the following candidates as η(550), η′(958), η(1295), and
η(1440). 2 We now assume that the new resonance X(1835) is the lowest mass pseudoscalar
glueball state and will be added to this list. For the positive parity states the candidates
are f0(600)/σ, f0(980), f0(1370), f0(1500), and f0(1710). Now, by looking at the values
of their masses one can form the parity doublets : [η(550), f0(600)/σ], [η
′(958), f0(980)],
[η(1295), f0(1370)], [η(1440), f0(1500)], [X(1835), f0(1710)].
3 We consider only chiral
limit mu = md = ms = 0 and therefore neglect all possible effects related to the mixing
between SU(3)f octet and singlet states. Thus, the contribution to Eq.(3), originated
from member of SU(3)f octet, η(550), and, correspondingly, its parity partner f0(600)/σ,
should be excluded. It is well known that due to axial anomaly η′(958) has strong coupling
to gluons (see review [26]):
Nf < 0|αs
4π
GaµνG˜
a
µν |η′ >= Fη′m2η′ , (9)
2The Particle Date Group gives now two resonances η(1405) and η(1475), instead of a single resonance
η(1440) [27]. However, this splitting can be easily explained by a node in the wave function of η(1440),
interpreted as a first radial excitation of the qq¯ system [20].
3Recently BES Collaboration has observed additional resonance f0(1790) in the decay J/Ψ→ φpi+pi−
[23]. This state has similar properties with f0(1370), which has observed in the same reaction. Therefore,
one can treat f0(1790) as the next radial excitation of f0(1370). Furthermore, this state is a good
candidate for the parity partner of η(1760) [27]. However, it is necessary to confirm the existence of both
of these states.
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where Fη′ ≈
√
3fpi, the fpi = 132 MeV is the pion decay constant. Therefore, there is
the contribution to Eq. (3) coming from the doublet [η′(958), f0(980)]. Usually, η(1295)
and η(1440) are considered as good candidates for 2S radial excited states of η and
η′. We accept this treatment and neglect contributions from doublets [η(1295), f0(1370)]
and [η(1440), f0(1500)] to Eq. (3) which must be smaller than the contribution from
the doublet [η′(958), f0(980)]. Our numerical fit shows that even the contribution of the
ground qq¯ state mesons, η′(958) and f0(960), to Eq.3 is very small. Therefore, one can
neglect all contributions of their radial excitations.
Let us discuss now the candidate for glueball parity doublet [X(1835), f0(1710)]. Both
of them have been observed in radiative J/Ψ decay, which is considered as one of the
important properties of glueball. Furthermore, in a recent paper [28] it was argued that
the larger observed coupling of scalar glueball f0(1710) toKK¯ state than to two pion state
could be easily explained by using the chirality argument. The X(1835) was observed
in two channels, pp¯ and η′π+π−, but was not in π0π+π− channel. The observation of
X(1835) in the channel with η′ suggests strongly its glueball origin stemming from the
large coupling of η′ to gluons. Furthermore, the strong coupling of this state to proton-
antiproton state can be related to the large contribution of gluon axial anomaly to proton
spin as we will show later. The non-observation of decay of this state to π0π+π− can be
easily explained by very small mixing, being ∝ (mu − md)/MG, of I = 1 π0 state with
I = 0 glueball. We should also mention that the mass value of f0(1710) for the scalar
glueball is supported by the quenched lattice calculations [15], while the mass value of
X(1835) for the pseudoscalar glueball state is smaller than the quenched lattice prediction,
M0− ≈ 2.5 GeV [15]. However, such a difference might be related to the neglect of the
correlations between instantons in the quenched approximation. These correlations come
from the virtual qq¯ pair exchanges between instantons. One should keep in mind that
such correlations lead to the so-called topological charge screening effect, which is specially
important for flavor singlet pseudoscalar channel (see discussion in [3] and [17]). It would
not be worthless to point out that the mass of X(1835) is quite close to the lowest value
predicted by QCD sum rules for pseudoscalar glueball MP = 1.86 GeV [16] and MP = 2
GeV [17].
Now we are in position to estimate the coupling of X(1835) with gluons. By assuming
that residues of parity partners are equal 4 and using Eq. (9)
λf0(980) = λη′ =< 0|αsGaµνG˜aµν |η′ >≈ 0.88GeV 3, (10)
the value for the residue of X(1835)
λf0(1710) = λX =< 0|αsGaµνG˜aµν |X >, (11)
is obtained by fitting the contribution of direct instantons Eq. (5) with a natural normal-
ization scale µr ≈Mη′ by formula
∆Π(Q2) = λ2η′(
1
M2f0(980) +Q
2
− 1
M2η′ +Q
2
) + λ2X(
1
M2f0(1710) +Q
2
− 1
M2X(1835) +Q
2
) (12)
in interval Q > 1GeV . The final result is
λX = λf0(1710) = 2.95GeV
3. (13)
4The attempt to fit the difference of correlators Eq. (5) with the different values of residues in Eq.
(3) has lead to the worse result.
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The value Eq.(13) can be compared with results of recent QCD sum rules analysis for
pseudoscalar λP ≈ 2.9 GeV 3 and scalar λS ≈ 1.64 GeV 3 glueballs [17] (see also [16]).
The comparison of theoretical Eq.(5) and phenomenological Eq.(12) results is presented
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Figure 1: The result of fitting the phenomenological part of difference between two corre-
lators of gluon currents, Eq. (12), (dashed line) in comparison with the direct instanton
contribution, Eq. (5), (solid line).
in Fig.1. It is evident that the our phenomenological model for the difference of two
gluon correlators, based on interpretation of X(1835) as a lowest glueball state, gives
very good description of direct instanton contribution. We should also mention, that due
to large difference in the value of residues between glueball [X(1835), f0(1710)] and quark
[η′(958), f0(980)] doublets, the contribution of later can be safely neglected. Thus, one
can conclude that our hypothesis on glueball origin of X(1835) is not in the contradiction
with the modern knowledge of the behavior of gluon current correlators, and the coupling
of this state to gluons is very large5.
4 Proton spin problem and glueball X(1835)
During the last two decades there have been many attempts, both theoretical and exper-
imental (see reviews [30, 31, 32]), to understand how the spin is distributed among the
different components of the proton. This investigation is named generically as the proton
spin problem. Since no fully satisfactory understanding albeit many conjectures has been
found to this problem there is no unique answer to the question: where lies the proton
spin? In this section a new way of the solution to that problem based on the existence of
light pseudoscalar glueball X(1835) is suggested.
Present wisdom tells that the small observed value of the flavor singlet axial coupling of
nucleon g0A, is followed from the non-conservation of the flavor singlet axial-vector current
in chiral limit
∂µJ
0
µ5(x) = 2Nf
αs
8π
GaµνG˜
a
µν . (14)
By taking the matrix element of Eq. (14) between proton states, one can find the relation
[33, 34]
g0AiΨ¯Pγ5ΨP =
Nf
MP
< P |αs
8π
GaµνG˜
a
µν |P >, (15)
5The possibility of strong coupling X(1835) to gluons was pointed out by Rosner in [29]
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where MP is the proton mass. The matrix element of gluon operator in Eq.(15) can be
rewritten as a sum over all possible intermediate pseudoscalar states G connected with
gluons by
< P |αsGaµνG˜aµν |P >=
∑
G, k2→0
< 0|αsGaµνG˜aµν |G >< GP |P >
k2 −M2G
, (16)
where the coupling < GP |P > is
< GP |P >= −igGPP Ψ¯Pγ5ΨP . (17)
By using Eqs. (3, 11, 16), we obtain
g0A =
Fη′gη′PP
2MP
+
FXgXPP
2MP
. (18)
where
FX =
NfλX
4πM2X
. (19)
We will call Eq. (18) as a generalized Goldberger-Treiman relation for the flavor singlet
axial coupling in comparison with the well-known Goldberger-Treiman relation for the
flavor non-singlet axial vector coupling in the chiral limit
g3A =
FpigpiNN
2MP
, g8A =
FηgηNN
2MP
, (20)
where Fpi =
√
2fpi and Fη ≈
√
6fpi. The first term in Eq. (18) can be theated as the
valence quark contribution to the proton spin. For SU(6) value of gη′NN = 6.5 (see [31])
we have for the valence part
gvA = 0.79, (21)
which lies between the values given by the non-relativistic quark model, gvA = 1 and by
the MIT bag model gvA = 0.65. The second term in Eq. (18) comes from X(1835) glueball
and therefore its interpretation as a gluon contribution to proton spin is very plausible.
The gluon contribution is determined by the value of residue Eq. (13), which has been
estimated above, and by the value of coupling gXPP . This coupling was estimated in
a recent paper [22] from experimental branching ratio of production X(1835) to pp¯ in
radiative decay of J/Ψ
gXPP
2
4π
≈ 1, (22)
i.e. |gXPP | ≈ 3.5. We should stress that the sign of the coupling cannot be fixed via the
branching ratio. The value of gXPP is very large, approximately one half of η
′ coupling
with nucleon. The arguments in favor of negative sign of this coupling constant will be
given below. It follows that
gXPP ≈ −3.5. (23)
By using Eqs. (13, 18, 23) we obtain for the gluon contribution to g0A
gglueA ≈ −0.39. (24)
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The total value of the flavor singlet axial coupling is
g0A ≈ 0.4. (25)
Therefore, we have obtained very large decreasing of g0A, arising from the contribution of
glueball X(1835) to proton matrix element of pseudoscalar gluon density. The value of
g0A, Eq. (25), is in agreement with the present experimental data g
0
A ≈ 0.3 ∼ 0.4 (see [35],
[36] and references therein).
To estimate the coupling of X(1835) to proton within non-perturbative QCD we as-
sume that the coupling is determined by interaction of its two valence gluons with proton
quarks through the instanton. The two-gluon interaction with quark induced by instanton
follows from the generalized t’Hooft Lagrangian obtained from quark and gluon fields in
instanton background [5, 37, 3, 4]:
Leff =
∫
dUdρn(ρ)
∏
q
−Fq(kqρ, kgρ)2π
2ρ3
m∗qρ
q¯R(1 +
i
4
Uabτ
aη¯bµνσµν)qL
· e− 2pi
2
g
ρ2Ucdη¯dαβG
c
αβ + (R↔ L), (26)
where m∗q is the effective quark mass in the instanton vacuum, U is the orientation matrix
of the instanton in SU(3)c. Notice that the form factor Fq takes into account the off-shell
of quarks and gluons interacting to the instanton, and kq, kg are virtualities of quarks and
gluons, respectively. The Lagrangian Eq. (26) leads to the following two-gluon vertex
coupling with flavor singlet pseudoscalar current J05 = u¯γ5u+ d¯γ5d+ s¯γ5s
Lggq = −iF (Q) neffπ
3ρ4c
4 < 0|q¯q|0 > α2s
αsG
a
µνG˜
a
µνJ
0
5 , (27)
where F (Q) is a form factor. In vacuum dominance approximation6 the effective X(1835)
interaction is given by
LXqq = −igXqqXJ05 , (28)
where
gXqq ≈ π
3neffρ
4
cλX
4 < 0|q¯q|0 > α2s
FX(mX), (29)
and we have elaborated the simplest version of Shuryak’s instanton liquid model [10]:
n(ρ) = neffδ(ρ− ρc), m∗q = −
2
3
π2ρ2c < 0|q¯q|0 > . (30)
The effective η′-quark Lagrangian
Lη′qq = −igη′qqη′J05 (31)
follows from the four-quark t’Hooft interaction induced by instantons [5]. Within the
same approximation as above the coupling is derived as follows
gη′qq ≈ 2neffλη
′
q
< 0|q¯q|0 >2Fη′(mη′) (32)
6The similar approximation was used in papers [41] and [42] for the estimation of the instanton
contribution to weak decay K → pipi and strong decays of charmonium and glueballs.
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where λη′
q =< 0|iJ05 |η′ > /3, and Fη′(mη′) is the instanton induced form factor. With the
values λη′
q ≈ 0.16 GeV2 [38], < 0|q¯q|0 >= −(250MeV )3, and αs ≈ 0.5 [4], we obtain the
estimate
gXqq ≈ −36.1 · FX(mX), gη′qq ≈ 1.0 · Fη′(mη′). (33)
So that the coupling constant of pseudoscalar glueball is negative. The absolute value of
couplings strongly depends on the form factors in Eq. (33) which are determined by the
complicate dynamics related to wave functions of X(1835), η′ and instanton form factor.
The ratio of couplings of X(1835) and η′ can be estimated roughly as
gXPP
gη′PP
≈ gXqq
gη′qq
≈ −36 · exp(−2ρc(mX −mη′)) ≈ −2. (34)
Therefore, the glueball coupling with proton is large and negative. This negative sign is
related directly to the negative sign of quark condensate and sign difference of effective
t’Hooft interaction for even and odd number of quark legs incoming to the instanton.
We should emphasize that at present the both, η′ and X couplings with proton, are
not well known. Thus, the old phase shift analysis of elastic nucleon-nucleon scattering
within one boson exchange (OBE) model [39] gives a large value for gη′NN ≈ 7.3, which is
close to SU(6) value. Whereas the recent analysis of data on the reactions γp→ pη′ and
pp→ ppη′ within relativistic OBE model gives the estimate gη′NN ≤ 3 [40]. However, it is
clear that for a careful extraction of η′ coupling one has to consider the additional glueball
contribution to the hadronic reactions. It should be mentioned that rough estimation of
the glueball coupling constant to proton Eq. (23) given in [22] is based on limited data
of the BES Collaboration on the reaction J/Ψ → γpp¯ [7]. Additional experimental and
theoretical studies are necessary to fix that coupling.
Let us discuss some possible reactions where X(1835) can give significant contribu-
tion. Our identification of X(1835) as the lowest pseudoscalar glueball state leads to the
expectation that its coupling to two real photons should be small or even vanishing. This
expectation is based also on the decoupling of gluon axial anomaly from two real photons.
Thus, the photon contribution to the axial charge vanishes on-shell, and the first moment
of spin-dependent structure function of photon gγ1 becomes zero as well [43, 44]
7 . However,
X(1835) should couple to heavy vector currents, i.e. to non-zero virtual photons, gluons
and massive vector mesons. This property is also related to peculiarities of axial anomaly
(see [31]). Therefore, one can expect a large contribution of X(1835) in vector meson
photo- and electro-production, in radiative decays of heavy quarkoniums and in γ∗γ, γ∗γ∗
collisions. In particular, the contribution of X(1825) might be behind of the difference in
cross sections of ρ+ρ− and ρ0ρ0 production in the reaction γγ∗ → ρρ, recently observed
by L3 Collaboration [46]. Furthermore, the observation of X(1835) in the radiative de-
cays J/Ψ → γ(γρ, γΦ), γ(ρρ) at BES would give very useful information on coupling of
X(1835) to vector currents. The investigation of direct photo- and electro-production of
X(1835) at upgraded CEBAF and SPring8 and at COMPASS, together with the study
of its contribution to the cross-sections of various reactions at large momentum transfer,
is certainly welcome.
7For the real incident photons this fact was known for a long time [45]. We are grateful to Sergo
Gerasimov for discussion of this problem.
8
5 Conclusion
A new mechanism of parity doubling in high hadronic excitations is suggested. We have
shown that the direct instanton contribution, responsible for the mass splitting between
states with opposite parities and the same other quantum numbers, is suppressed for mas-
sive hadrons. Based on the instanton mechanism of partial U(1)A symmetry restoration,
we consider the parity doublet [X(1835), f0(1710)] as the lowest mass glueball states and
suggested an explanation of recent results of BES Collaboration [7], [8] which observed
a resonance X(1835) with very unusual properties. It is shown that the large coupling
of X(1835) with gluons and proton allows us to give a new explanation of the so-called
’spin crisis’. The estimation of glueball coupling to quark, based on effective instanton
induced interaction, provides the negative sign of the glueball coupling to proton state.
This negative sign is the fundamental reason for the observed smallness of the flavor sin-
glet axial coupling constant of nucleon. The relation of the present consideration to the
approach to the proton spin problem based on investigation of QCD topological suscep-
tibility [47, 48, 49] will be the subject of forthcoming publication [50]. It would be also
interesting to study the connection of X(1835) mechanism with the gluon contribution to
the proton spin obtained within a chiral bag model [51], and the relation of this mechanism
to the different approaches based on instanton contribution to proton spin [52, 53, 54].
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